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@> Method of making a semiconductor laser. 



(S?) The disclosed method of making a lll-V (e.g., 
InP-based) etched mesa buried heterostructure 
laser comprises' use of an appropriate metal 
layer (40) as etch mask and as contact metal, 
resulting in simplification of manufacture. It 
also results in a self-aligned process. Approp- 
riate metal layers comprise Mo, W, and/or Re, 
with W being currently preferred. Most prefer- 
red currently is W-silicide. Onto the first metal 
layer atop the mesa is deposited a second metal 
layer (52) that comprises Ti, exemplarily is Ti, 
followed typically by conventional deposition of 
Au. 
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Field of the Invention 

This invention pertains to the field of semicon- 
ductor lasers, and to methods of making such lasers. 

Background of the Invention 

Current semiconductor manufacturing processes 
typically are complex, multistep processes. See, for 
instance, J. D. Wynn et al., Fiber and Integrated Op- 
tics, Vol. 9, pp. 267-373. 

In particular, the manufacture of EMBH (etched 
mesa buried heterostructure) lasers typically involves 
the formation of patterned dielectric stripes on a pre- 
viously produced multilayer semiconductor wafer. 
The stripes function as a wet etch mask during mesa 
etch, as well as a mask for epitaxial re-growth around 
the mesa. After re-growth the stripes are removed, a 
new dielectric layer is deposited and patterned to pro- 
vide a mask for contact metal (typically AuBe) depos- 
ition. Subsequently contact metal is deposited and al- 
loyed, followed by deposition of (typically TiPt) barrier 
metal overlaying the contact metal. This typically is 
followed by further steps such as electroplating of Au 
contacts, wafer thinning and cleaving into individual 
devices. 

The above description illustrates the complexity 
of current practice. See also FIG. 1 , which shows rel- 
evant aspects of the prior art process in form of a flow 
chart. The complexity of the prior art process contri- 
butes to relatively high device cost and low yield, and 
complicates design optimization, since it generally 
does not lend itself to early testing of devices. In view 
of these disadvantages of current practice, a different 
and less complex manufacturing process would be 
highly desirable. This application discloses such a 
process. 

Brief Description of the Drawings 

FIG. 1 is a flow diagram showing relevant steps 
in a prior art laser manufacturing process; 
FIG. 2 is a flow diagram that shows analogous 
relevant steps of a process according to the in- 
vention; 

FIG. 3 schematically illustrates the layer struc- 
ture of an exemplary semiconductor wafer; 
FIG. 4 schematically depicts the wafer of FIG. 3 
after mesa etch; and 

FIG. 5 schematically shows relevant aspects of a 
laser produced according to the invention. 

The Invention 

An aspect of the invention is the use of an appro- 
priately chosen metal stripe to replace the dielectric 
stripe for mesa etching and selective area mesa re- 
growth, and use of the same metal stripe for ohmic 



contact metalization. This multiple use of the metal 
stripe can reduce the number of lithography steps, 
makes the process self-aligned, makes possible ear- 
lier device testing, can lead to reduced metals stress 

5 on the epitaxial side of the laser and to reduced wafer 
handling. These aspects of course can positively im- 
pact manufacturing cost and yield. 

More particularly, the inventive method of mak- 
ing a lll-V semiconductor laser comprises forming, on 

10 a major surface of an appropriate multilayer semicon- 
ductor body, a patterned first metal layer such that a 
predetermined portion of the surface is not covered 
by the first metal. Significantly, the first metal is a re- 
fractory metal-comprising metal, including silicides of 

15 appropriate silicide-forming refractory metals. The re- 
fractory metals of interest herein are those that are 
relatively inert (at re-growth temperatures) with re- 
spect to the relevant lll-V material, e.g., InP, and with 
respect to the gases used during re-growth f exem- 

20 plarily with respect to H 2 and PH 3 . These refractory 
metals include Mo, W, Re, and alloys thereof. Mo and 
Wform silicides that are useful in the practice of the 
invention. W is the currently preferred refractory met- 
al, with W-silicide being the currently most preferred 

25 first metal. For the sake of clarity, and without imply- 
ing thereby any limitation, the discussion below will 
primarily focus on W-silicide. 

The method further comprises exposing the un- 
covered portion of the surface to an etching medium 

30 such that an elongate protruding topographic feature 
(a "mesa") results. Typically the process is carried out 
such that many mesas are formed simultaneously. 
Each mesa has a top surface (which is covered by 
first metal) and two opposed elongate side surfaces, 

35 and the method further comprises growing semicon- 
ductor material on the semiconductor body such that 
the "re-growth" material is in contact with the two side 
surfaces of the mesa, and forming metal contact 
means on the top surface of the mesa. The latter step 

40 comprises depositing a second metal onto the first 
metal on the top surface of the mesa. The second 
metal comprises Ti, preferably is Ti. On the second 
metal typically is deposited a Au contact. The method 
generally comprises further conventional steps such 

45 as wafer thinning, reverse side metalization and 
cleaving. 

FIG. 2 shows relevant aspects of the novel proc- 
ess in form of a flow chart. Neither FIG. 1 nor FIG. 2 
shows process steps that pertain to the reverse side 

so of the wafer, e.g., reverse side metallization. These 
steps are well known. 

An appropriate metal layer will, inter alia, have 
good resistance to wet (chemical) anchor dry (plas- 
ma) etching to produce the laser mesa. It will be sub- 

55 stantially inert with regard to the epitaxial re-growth 
process while providing good selectivity for the re- 
growth, will have a substantially stable semiconduc- 
tor/metal interface at the relevant processing temper- 
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atures (e.g., the re-growth temperature), and have 
good ohmic contact performance. 

We have found that, among others, tungsten sil- 
icide (WSi for short; this notation does not imply any 
particular stoichiometry WSi x ; exemplarily x is in the 5 
range 1 to 2) and tungsten are appropriate metals for 
the practice of the invention, with the former being 
currently most preferred. The metal layer can be de- 
posited by any suitable method, e.g., sputtering or va- 
por deposition. Although such a metal layer is most 10 
advantageously used in the manufacture of I nP- ba- 
sed EMBH lasers, the invention is not so limited. For 
instance, a metal layer substantially as described can 
be used in the manufacture of GaAs-based EMBH 
lasers according to the invention. 15 

An exemplary epitaxial layer structure 1 0 for las- 
er manufacture is shown in FIG. 3, wherein numeral 
11 refers to the substrate, exemplarily a p-doped InP 
wafer. For the sake of clarity, the below recited exem- 
plary epitaxial layer sequence on 11 is selected to be 20 
appropriate for an InP substrate. If the invention is to 
be embodied in other lll-V lasers (e.g., in GaAs-based 
lasers), then other layer structures will be appropri- 
ate, as will be evident to those skilled in the art. 

Substrate 11 supports (optional) diffusion- limit- 25 
ing layer 12, exemplarily a Zn-doped (2 xlO^cnr 3 ) ln- 
GaAs layer. This layer in turn supports buffer layer 1 3, 
exemplarily a Zn-doped (2x1 0 18 crrr 3 ) InP layer. Op- 
tional layer 14 is thin (75 nm) undoped InP layer pro- 
vided to further reduce the diffusion of Zn into the ac- 30 
tive layer 16. The active layer [exemplarily 0.15 u.m of 
InGaAsP (X = 1.3 jam)] is sandwiched between sym- 
metrically graded index layers 150 and 151 whose 
quaternary composition is continuously graded from 
X = 1.05 ixm to X= 1.3 um over a thickness of 0.12 ujti. 35 
Numeral 17 refers to the cladding layer, exemplarily 
2.0 nm S-doped InP, with the top 0.3 u.m doped to 
about 5x1 0 19 crrr 3 , and the remainder doped to about 
10 18 crrr 3 . Specification of the composition of qua- 
ternary material by means of a corresponding wave- 40 
length X is well known and does not require elabora- 
tion. 

Next will be described an exemplary and current- 
ly preferred embodiment of the invention. It will be ap- 
preciated that practice of the invention does not re- 45 
quire the use of any particular multilayer structure. 
For instance, the invention can be readily embodied 
in quantum well lasers, including DFB quantum well 
lasers. 

On a multilayer structure as shown in FIG. 3 and so 
described above, grown by conventional atmospheric 
pressure MOCVD at 625°C, was deposited a 100 nm 
layer of WSi by conventional RF sputtering from a sin- 
gle WSi target at an Ar pressure of about 10 mTorr 
(about 1.33 Pa). The deposited metal had approxi- 55 
mate composition WSi 2 . By means of conventional 
photolithography, 6u.m wide stripes were then etched 
in the WSi layer. Etching was carried out in a hybrid 



Electron Cyclotron Resonance/Radio Frequency 
plasma etching system using 1:1 SF 6 :Ar, with a total 
flow rate of 20 seem. The operating pressure was 
about 1 mTorr (about 0.133 Pa), and about 150W of 
microwave power was applied, with a DC bias of -50V 
on the sample. Under these conditions, the etch rate 
was about 15 nm/min, with substantially infinite se- 
lectivity with respect to the underlying InP. The sam- 
ple was overetched for about 2 minutes to insure that 
the exposed WSi is cleared over the whole wafer. The 
above etching conditions are exemplary only, and 
those skilled in the art will be readily able to deter- 
mine conditions suitable for available apparatus. 

The thus produced WSi stripes served as etch 
masks for the subsequent wet chemical mesa etch, 
as shown schematically in FIG. 4, wherein numeral 40 
refers to the WSi stripe. 

The exposed upper cladding layer was etched us- 
ing 3:1 HCI:H 3 P0 4 . The exposed active layer was 
then dissolved in 4:1 :1 HaSO^HaO^HaO^ The recited 
etchants are exemplary only, as those skilled in the 
art will appreciate. 

After completion of the mesa etch, re-growth of 
Fe-doped InP was carried out in conventional, 
MOCVD apparatus at atmospheric pressure and, 
500°C. The conventional growth chemistry was modi- 
fied by the addition of 0.25 seem 1,1, 1-trichloro-. 
ethane (TCE) during growth, to improve re-growth < 
morphology next to the mesa and to enhance selec- 
tivity for the re-growth. Those skilled in the art will un- 
derstand that MOCVD is not the only growth techni-. 
que that can be used for regrowth in a process ac- 
cording to the invention, and any suitable technique 
(e.g., hydride and chloride vapor phase epitaxy 
(VPE)) is contemplated. f 

Following re-growth, a 300 nm thick layer of Si0 2 
was deposited by plasma-enhanced CVD and pat- 
terned by conventional photolithography and etching. 
Subsequently, the wafer was thinned and a conven- 
tional AuBe metallization layer vapor-deposited on 
the p-lnP side of the wafer. The n-side metallization 
was then completed by the evaporation of 10 nm of 
Ti, and lift-off of those portions of the Ti layer that 
were supported by dielectric. This was followed by 
conventional Au electrodeposition. The resulting 
structure is schematically depicted in FIG. 5, wherein 
numerals 50 and 51 refer, respectively, to the epitax- 
ial semiconductor regrowth and the patterned dielec- 
tric layer. Numeral 52 refers to the Ti barrier layer that 
supports Au layer 53. The wafer was then cleaved 
into 250um long strips for testing. The lasers per- 
formed satisfactorily, typically exhibiting, for in- 
stance, a threshold at room temperature of about 25 
mA, with a slope efficiency of about 0.16 mW/mA. 
The described laser is exemplary only and is not opti- 
mized for high performance. 
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Claims 

1. Method of making a lll-V semiconductor laser 
that comprises 

a) providing a lll-V semiconductor body com- 5 
prising a multiplicity of epitaxial lll-V semicon- 
ductor layers and having a major surface; 

b) forming a patterned material layer on the 
major surface such that a predetermined por- 
tion of said surface is not covered by said lay- 1 o 
er, and exposing the portion of the major sur- 
face to an etching medium such that an elon- 
gate protruding topographic feature (a 
"mesa") results, the mesa having a top sur- 
face and two opposed elongate side surfaces; 15 

c) growing epitaxial semiconductor material 
on the semiconductor body such that the 
semiconductor material is in contact with said 
two side surfaces; 

d) forming metal contact means on said top 20 
surface; and 

e) carrying out one or more further steps to- 
wards completion of the laser, 
CHARACTERIZED IN THAT 

f) the material layer is a first metal layer (40) 25 
that comprises a refractory metal selected 
from Mo, W, and Re; and 

g) step d) comprises depositing a second met- 
al (52) onto the first metal-covered top sur- 
face of the mesa, the second metal compris- 30 
ing Ti. 

2. Method of claim 1, wherein the semiconductor 
body comprises InP. 

35 

3. Method of claim 1, wherein the first metal is se- 
lected from the group consisting of W and W-sil- 
icide. 

4. Method of claim 1, wherein the second metal is 40 
Ti, and step g) further comprises depositing Au 
onto the second metal. 



5. Method of claim 2, wherein step c) comprises ex- 
posing the semiconductor body to a growth at- 45 
mosphere that comprises In- and P-containing 
precursor gases, and that further comprises a Cl- 
containing gas. 

6. Method of claim 5, wherein the Cl-containing gas 50 
is trichloroethane. 
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